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The introduction of cyclophosphamide (CYC) and glucocorticoids in the 1950s dramatically improved prognoses of antineutrophil cytoplasm antibody (ANCA)-associated vasculitides (AAVs) (1) . For granulomatosis with polyangiitis (Wegener's) (GPA), 74-80% of patients now survive 5 years (2) (3) (4) , compared with ~70% 1-year mortality for untreated patients (5) . Similarly, for microscopic polyangiitis (MPA), the 5-year survival rate reaches 65-95%, depending on the prognostic factors considered (6) (7) (8) . However, those advances were achieved at the cost of treatment-related toxicity (9) .
The development of a 2-staged approach, using CYC (10) , and later rituximab (11, 12) , for induction, and a less toxic remission-maintenance regimen to limit cumulative CYC exposure, was a major step forward in GPA and MPA treatment. Maintenance usually combines low-dose glucocorticoids and azathioprine (AZA) or methotrexate (MTX) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The prospective,
multicenter, randomized, open-label, WEGENT trial, conducted by the French Vasculitis Study
Group, evaluated the safety and efficacy of AZA versus MTX, combined with prednisone, as maintenance therapy for severe GPA or MPA, after complete remission had been achieved with glucocorticoids and pulse intravenous CYC (18) . Trial results demonstrated that MTX was as safe and effective as AZA at maintaining GPA or MPA remission during 29 months of followup.
Thus, either agent has emerged as standard care for AAV-remission maintenance (19) .
However, it remains unknown whether differences in relapse or adverse event rates would appear after discontinuation of those 2 maintenance regimens and longer followup. The aim of this followup study was to evaluate the long-term outcomes of WEGENT trial participants to determine whether initial AZA or MTX maintenance might be associated with fewer relapses, less toxicity and better long-term survival. Clinical and laboratory parameters at trial entry were also tested as potential prognostic factors in multivariate models for survival, relapse-free survival, relapse or damage.
PATIENTS AND METHODS
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Study eligibility criteria. The WEGENT trial was conducted from November 1998 through February 2005 in France and Belgium (18) . Briefly, it included patients with newly diagnosed GPA or MPA according to the Chapel Hill nomenclature (20, 21) . In addition, patients had to have severe GPA, defined as renal disease, involvement of ≥2 organs or systems, or involvement of 1 organ or system and constitutional symptoms; or severe MPA with ≥1 poorprognosis items of the Five-Factor Score (FFS) (serum creatinine >140 µmol/liter, proteinuria >1 g/day, specific cardiomyopathy, gastrointestinal tract and/or central nervous system involvement) (22) .
Treatment protocol. All patients received daily intravenous (IV) methylprednisolone for 3 days, followed by oral prednisone (1 mg/kg/day) for 3 weeks, then progressively tapered according to a predefined schedule to obtain complete cessation after 27 months. CYC pulses were administered until remission, followed by 3 additional consolidation pulses. Patients who entered remission were randomized after the 3 rd consolidation to receive oral maintenance with 12 months of AZA (2 mg/kg/day) or MTX (progressively increased to 25 mg/week). The study primary analysis was conducted when the last enrolled patient completed maintenance therapy, yielding a median followup of 29 months for the entire population. After the end of the study, treatment, including for potential relapses, was left to the treating physician's discretion.
Evaluations. The original protocol scheduled long-term analysis at 10 years of followup.
Long-term outcomes were ascertained for the 126 enrolled patients. A questionnaire, sent to participating physicians, requested information on survival, relapse, cancer, infection, cardiovascular morbidity, damage, immunosuppressant use and death. Patients' medical charts were also examined to complete discordant or incomplete information. Replies were collected from October 2013 until September 2014. Demographic, clinical and laboratory parameters at inclusion were analyzed in multivariate models as potential prognostic factors for survival, relapse or damage.
This followup study was performed in accordance with the 1964 Declaration of Helsinki and subsequent amendments. The Île-de-France III Ethics Committee approved the study in accordance with national legislation.
Study endpoints. The primary endpoint was defined as the 10-year overall survival. Other judgment criteria were: relapse, major relapse, any adverse event, severe adverse event, infection, damage assessed with the Vasculitis Damage Index (VDI) (23) , relapse-free survival and eventfree survival, i.e., the probability of surviving without suffering a relapse or severe adverse event.
Vasculitis activity was assessed with the Birmingham Vasculitis Activity Score (BVAS) version 3 (24) . The following definitions were applied: remission: the absence of signs of "new/worsening" disease activity, with BVAS = 0 (25); relapse: the reoccurrence or new appearance of disease activity attributable to active vasculitis (26); a major relapse: the reoccurrence or new onset of potentially organ-or life-threatening disease activity that cannot be treated with increased glucocorticoids alone and requires further therapeutic escalation (26) .
Adverse events were graded 1-4, according to World Health Organization toxicity criteria, with grades 3 and 4 considered severe (27) . A serious infection was defined as life-threatening, requiring IV antibiotics or hospitalization.
Statistical analyses.
All trial participants' data were analyzed according to the assigned randomization group. Followup began at WEGENT trial inclusion and continued until the last medical update, death or 10 years post-inclusion, whichever occurred first. Events were defined as death, relapses (major or not) and serious adverse events. Frequencies of adverse events, serious adverse events, infections, cancers, relapses and major relapses were compared with robust Poisson regression analyses. Numbers of relapses, major relapses and damaged organs were compared using negative binomial regressions. Those analyses were adjusted to followup time, added as an offset term in the respective models. Overall survival, relapse-free survival and event-free survival were analyzed with the Kaplan-Meier method and compared using log-rank tests.
Demographic, clinical and laboratory parameters at inclusion were analyzed in multivariate 8 models as potential prognostic factors for survival, relapse-free survival, relapse or damage.
Multivariate analyses used Cox models to estimate hazard ratios (HRs) and their confidence intervals (CIs). A multistate model was used to account for multiple relapses per patient and distinguish between the 2 competing events: death and relapse (28) . A competing-risk model was used because a disease-severity variable associated with death can also be associated with relapse, meaning that patients with a risk factor for relapse might be censored early due to death in traditional time-to-event analyses, thereby obscuring the association of those risk factors with relapses. Forty-five imputations run for risk-factor evaluation were analyzed in 2 steps: variables with P <0.20 in a univariate analysis were selected for possible inclusion in the multivariate model, and stepwise selection based on Akaike's information criterion considered all the selected factors in the stacked dataset (29) . All analyses were truncated at 10 years of followup and computed with R statistical software v3.0.1 (30) .
RESULTS
Among the 126 patients (median age 61 years) randomized in the original study ( Figure   1 ), 97 (77%) patients had GPA and 29 (23%) MPA. Anti-proteinase-3 (PR3) ANCA were found in 76 (60%) patients, while anti-myeloperoxidase (MPO) ANCA were detected in 39 (31%).
Ten-year data were available for 112/126 (88.8%) patients and were missing for 14 after a median followup of 7.0 (interquartile range (IQR) 5.1-9.1) years. Median followup was 11.9
[95% years. Clinical outcomes according to treatment group are summarized in Table 1 .
Overall survival. Fifteen AZA-group and 12 MTX-arm patients died during followup, with, respectively, 1 and 2 deaths during the original trial's followup. The primary endpoint, defined as the 10-year overall survival rate, did not differ significantly for the AZA (75.1%) and MTX arms (79.9%) (Figure 2A and B). Causes of AZA-group deaths, censored at 10 years, included 6 cancers, 3 cardiac causes, 1 alveolar hemorrhage, 1 end-stage renal disease (ESRD), 1 pulmonary embolism, 1 trauma and 2 unknown causes. MTX-arm deaths were attributed to 1 cancer, 4 cardiac causes, 4 infections, 1 ESRD, 1 pulmonary embolism and 1 Alzheimer's disease.
Multivariate analysis retained advancing age as the only factor significantly associated with increased risk of death (HR 1.09 [95% CI 1.05-1.14]; P <0.001), with each additional year increasing the probability of death by 9% ( Figure 2C ). Lung involvement (affecting 75% of our patients at baseline), neurologic, cardiovascular or digestive involvement, impaired kidney function, AAV (GPA versus MPA) ( Figure 2D ), ANCA status (PR3 versus MPO or no ANCA)
and BVAS-assessed disease activity at inclusion had no statistically significant impact on survival.
Relapses. During followup, ≥1 relapses occurred in ~60% of AZA-group and 54% of MTX-arm patients before the 10-year censoring date, with respective first relapses in 31/38 (81.6%) and 30/34 (88.2%) only after terminating maintenance. No between-arm differences were found for the total numbers of relapses and major relapses per patient, and the relapse or major relapse rates. The risk of relapse adjusted to followup duration until the first event was comparable for both arms. Ten-year relapse-free survival rates for the AZA and MTX arms did not differ significantly ( Figure 3A ).
ANCA status (anti-PR3 versus anti-MPO or no ANCA) was a more powerful predictor of relapse-free survival and relapse than disease subtype (GPA versus MPA) ( Figure 3B ).
Moreover, AAV was not significantly associated with either relapse parameter in multivariate analyses. Neither CYC duration nor cumulative dose was associated with relapse-free survival.
In the multistate model accounting for all relapses, baseline anti-PR3-ANCA-positivity was the strongest factor significantly associated with relapses (Table 2) . High initial serum creatinine decreased the probability of relapse, with each additional 10 µmol of creatinine/liter lowering the relapse risk by 1%. The glucocorticoid dose at the end of maintenance therapy or thereafter increased that risk. In this multivariate model, AAV, its BVAS-assessed activity at baseline and the CYC pulse number or cumulative dose (g) for remission-induction before randomization did not affect the relapse rate.
Adverse events. During the 10-year censured followup, no long-term between-arm differences were observed for severe adverse events, serious infections or cancer.
Thirty-three (26%) patients developed serious infections requiring hospitalization, with the infection leading to the deaths of 4 (3%) of them. The 10-year AZA-group and MTX-arm severe side-effect-free and event-free survival rates were comparable.
During long-term followup, the following cancers were observed: in the AZA arm: 6 adenocarcinomas, including 3 colorectal, 1 stomach, 1 breast and 1 ovarian cancer; 1 bladder cancer (after a cumulative total CYC dose of 8 g); 1 squamous cell carcinoma of the lung; 1 cerebral glioblastoma; 1 cutaneous melanoma and 1 cutaneous basal cell cancer; in the MTX arm: 5 adenocarcinomas, including 2 colorectal, 2 ovarian and 1 uterine cancer; 1 small-cell lung carcinoma; 1 hepatocellular carcinoma without viral hepatitis infection; 1 cutaneous squamous cell carcinoma and 1 cutaneous basal cell carcinoma.
Duration of immunosuppression.
All patients received their assigned AZA or MTX maintenance according to the trial protocol for comparable times and glucocorticoid durations of intake were also similar for the 2 arms. (18) . Whereas overall survival was good, relapses, adverse events and damage were common.
Survival of our severe GPA patients is consistent with previous studies, but 10-year survival data for MPA patients were lacking. The prolonged followup of WEGENT-trial patients yielded 10-year overall survival rates of 75.1% for GPA and 85.2% for MPA patients, comparable to the 80% reported for the 158 GPA patients enrolled in the NIH cohort study but after mean followup of only 8 years (9); 75% for the 56 GPA patients included in another study (2) ; and 88% for a cohort of 155 consecutive GPA patients (followup 6.6 years), 24 with localized disease (31) , and 86% of 148 GPA patients (followup 4 years), 18 with localized disease, participating in a single-center cohort study (32) . Reported 5-year survival of MPA patients ranged between 45% and 76% in 5 studies that included 217 MPA patients (33) . The higher MPA survival rate observed herein, despite the inclusion of only patients with severe disease (FFS ≥1), fully supports the usefulness of therapy adapted to the prognostic FFS and further validates it for severe MPA.
In our long-term study, overall survival was comparable for GPA and MPA patients, in accordance with another large, long-term study (34) . Differences noted in earlier investigations (35, 36) may have reflected either the reporting of crude mortality, without adjusting for MPA patients' older age, underpowered multivariate analyses and/or inadequate case-mix (34).
According to our multivariate analysis, advancing age was the sole factor significantly associated with death, as identified in previous GPA studies (2, 3, 31) . The only other study that identified prognostic baseline factors for survival in a cohort of GPA patients receiving homogeneous care found age, kidney and lung involvement to be associated with poorer survival 13 (31) . For MPA, age, renal and severe gastrointestinal involvement were reported to be the main significant indicators of diminished survival (6, 37) . All those are items included in the revised FFS, which is also applicable to GPA and MPA (38) .
Although the induction-maintenance approach to treat GPA and MPA undoubtedly represents an important therapeutic advance, the frequent relapses (half to two-thirds of our participants at 10 years) still pose a challenge for their long-term management. Indeed, 10-year relapse-free survival was only 26.3% and 33.5% for the AZA and MTX recipients, respectively.
These low rates are consistent with other long-term studies on GPA (24% at 5 years) (39) and MPA (45.4% and 43.4% at 7 years) (7, 8) . Anti-PR3-ANCA-positivity has repeatedly been shown to be associated with a higher relapse risk for AAV cohorts (40) (41) (42) (43) or other randomizedcontrolled trials (44) (45) (46) , in agreement with our findings. Although GPA patients reportedly relapsed more frequently than those with MPA (10), it must be emphasized that our multivariate analysis retained baseline anti-PR3-ANCA-positivity, but not GPA, as being independently and significantly prognostic of recurrent relapses and, thus, negatively affected relapse-free survival.
Thus, the more frequent cumulative GPA relapses might be linked to the more frequent presence of those antibodies in these patients. This notion supports those found in a study including patients with renal disease (42) . Our results also retained high serum creatinine levels as being independently associated with significantly fewer relapses. That finding corroborates observations based on 2 large AAV cohorts: relapses of 535 European and 439 Chinese patients were inversely associated with the serum creatinine concentration (43, 47) . Patients with impaired renal function, who are less prone to relapse but have an increased risk of death due to treatment side effects (48) , might be better treated with milder immunosuppression. This hypothesis should be investigated prospectively.
The WEGENT protocol required stopping glucocorticoids after a 2-year total duration. That glucocorticoid dose and duration were associated with heightened risk of relapse in our study might be explained by physicians being more likely to continue glucocorticoids or delay their 14 dose-tapering, when vasculitis remains in remission but atypical signs or symptoms appear or acute-phase reactants increase, possibly due to an intercurrent affection, or perhaps immediately preceding relapse. Meta-analysis results showed that trials in which glucocorticoids were not scheduled for withdrawal (usually continuing prednisone at 5-7.5 mg/day) or were routinely prescribed for >18 months (mostly European studies) had markedly lower relapse rates than those in which they were discontinued earlier by month 6-12 (including most U.S. studies) (49) .
On the other hand, our findings demonstrated that glucocorticoid dose at the end of the maintenance was associated with higher accrued damage, consistent with previous observations (2) . Thus, optimal glucocorticoid duration needs to be examined in randomized-controlled trials analyzing both relapse rate and accrued damage.
In the WEGENT trial, the study drug had to be discontinued after 12 months of maintenance therapy and >80% of our patients' first relapses in each arm occurred only after treatment withdrawal, as previously reported (9, 50) . Patients initially anti-PR3-ANCA-positive are at higher risk of relapse and may require longer maintenance therapy to limit this risk. Results of a retrospective study showed, among newly diagnosed GPA patients, that longer maintenance therapy was associated with fewer relapses, even after adjusting for prednisone use (50) . Because of limited power, a prospective controlled trial was unable to confirm significantly different relapse-free survival among patients persistently positive for cytoplasm-labeling ANCA at remission randomized to receive either standard or extended maintenance therapy (51) . The results of the randomized REMAIN trial, comparing 18-24 months versus 4 years of treatment, should help better define optimal maintenance-therapy duration for different AAVs (52) .
Further investigation is needed to optimize maintenance regimens. In our group's recently published randomized-controlled MAINRITSAN trial, the reinfusion of fixed-interval low-dose rituximab (0.5 g every 6 months until month 18) better prevented GPA or MPA relapses than 22 months of azathioprine and represents a significant advance, particularly for anti-PR3-ANCApositive patients who are more prone to relapse (53).
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Severe adverse events remain frequent during the long-term followup of these patients, with a quarter of them developing serious infections. The same percentage was observed in the German cohort (31) , as opposed to 46% of the NIH cohort (9) . Infection led to the deaths of 3% of our patients, again similar to those reported for the German (31) and NIH cohorts (9) .
Our study has several notable strengths. To our knowledge, it has the longest followup among studies investigating survival of patients with MPA or GPA, followed for a median of >11 years post-inclusion in a randomized-controlled trial for newly diagnosed AAV. In addition, data was available for ~90% of the original trial participants. We used competing-risk analysis that may more easily identify some factors associated with relapse and death. Moreover, multiple imputations improved the resulting estimates and decreased bias due to missing data.
Furthermore, these patients were recruited from 70 French Vasculitis Network centers and are therefore likely to be representative of the entire vasculitis-patient spectrum. Hence, our findings should be generalizable.
Some limitations also need to be acknowledged. This original trial was not designed to assess the impact of the 2 regimens on long-term relapse or survival. After the year-long maintenance therapy, immunosuppressant use was left to the treating physician. One cannot exclude that a difference between the 2 drugs, in terms of efficacy and/or safety, could be observed at a later date if they were taken for a longer duration. Our study may have been underpowered to detect a higher risk of death associated with initial cardiovascular involvement or severe renal impairment because too few affected patients were included. This long-term followup study was retrospective, with all the inherent potential biases associated with retrospective data collection. However, questionnaire-response rates were high and patients' medical charts were also reviewed to complete discordant or incomplete information, leading to the availability of long-term data for ~90% of the participants. So, despite being retrospective, we think that significant ascertainment bias is unlikely.
In conclusion, this long-term analysis confirms that MTX and AZA are comparable options for maintaining GPA or MPA remission. Despite good overall survival, relapses, adverse events and damage continue to be persistent concerns in AAV patients. Longer maintenance treatment, at least for anti-PR3-ANCA-positive patients should be evaluated prospectively, as well as newer strategies to decrease relapse and damage rates.
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*Data censored at 10 years. †Each additional 10 µmol/liter of creatinine at inclusion decreased the relapse risk by 1%. ‡Each additional mg of prednisone at the end of maintenance increased the relapse risk by 12%. §Each additional 6 months of prednisone after stopping maintenance increased the relapse risk by 3%.
↑Each additional year increased VDI by 5%.
£Each additional 10 µmol/liter of creatinine at inclusion increased the VDI by 3%.
¥Each additional mg of prednisone when AZA/MTX was discontinued increased VDI by 12%. 
